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Description 

[0001 ] This invention relates to durable abrasive articles having thick abrasive coatings. The thick abrasive coatings 
have at least two abrasive composite layers with each layer having undergone at least one curing process. In all 

5 instances, both the first and the second abrasive composite layers form an array of shaped abrasive composite stmc- 
tures. This Invention also pertains to a method of making abrasive articles having thick abrasive coatings. 
[0002] US Patent No. 5,152,91 7 (Pleper et al.) refers to a coated abrasive article comprising a backing bearing on 
at least one major surface thereof abrasive composites comprising a plurality of abrasive grains dispersed in a binder. 
The abrasive composites have a predetennined shape which can be pyramidal and they can be substantially unifonn. 

10 [0003] An abrasive article usually consists of an abrasive coating attached to a backing. During most abrading ap- 
plications, the exposed surface of an abrasive coating contacts, under pressure, an exposed surface of a workpiece. 
The abrasive coating becomes altered by the contact and the movement of the abrasive article against the workpiece. 
Such contact and movement have been known to cause the removal of an abrasive coating from an abrasive article. 
Forceful surface modification processes in which an abrasive article, contacts a hard workpiece, under high pressure, 

IS have been known to quickly erode the abrasive coating from the backing of an abrasive article, rendering the abrasive 
article ineffective in subsequent abrading applications. 

[0004] A durable abrasive article iscapableof contacting a workpiece under pressure for a long duration, if necessary, 
or contacting the surface of a large number of individual workpieces, under pressure, for short durations, and yet 
adequately abrade or polish the surface of the workpiece(s). An abrasive article with a thick abrasive coating theoret- 

20 ically should have a greater durability than an abrasive article with a thin abrasive coating, because it should take 
longer for the surface modification process to wear away the additional abrasive coating of the thick abrasive article. 
[0005] Typically, abrasive coatings of lapping coated abrasive articles, or fixed abrasive articles, comprise a single 
layer of abrasive material. The thickness of these single layer abrasive coatings may vary in size depending upon the 
components that make up the abrasive coating. For example, the thickness of an abrasive coating of a lapping coated 

25 abrasive article may be 7 ^m, 10 jxm, or 22 ^m. These abrasive coatings are typically formed by applying an abrasive 
material containing abrasive particles dispersed in a binder to a backing. The binder typically contains either radiation 
or themnally curable precursor polymer subunits and initially flows when applied to a backing. Then, the precursor 
polymer subunits of the abrasive coating are cured by the application of heat and/or radiation and the curable abrasive 
coating is converted into a hard, or cured, abrasive coating. 

30 [0006] Sometimes problems develop during the curing of a curable abrasive coating. The physical characteristics of 
a particular abrasive coating (its components] and/or a particular curing process will affect the outcome of the manu- 
factured abrasive article. One curing process utilizes abrasive coatings containing radiation curable precursor polymer 
subunits and a radiation energy source. Radiation energy applied to an abrasive coating should be able to initiate 
polymerization reactions, or crosslinking reactions, so that the precursor polymer subunits become part of a larger 

35 polymer chain. In addition, the radiation energy, In part, must also be able to penetrate the abrasive coating so that 
underlying material becomes essentially cured. Specifically, radiation energy is typically only able to polymerize or 
crosslink suitable precursor polymer subunits in radiation penetrable regions of the abrasive coating. In regions of the 
abrasive coating not penetrable by radiation, the precursor polymer subunits do not readily become part of a larger 
polymer chain through chemical reactions. 

40 [0007] Typically there is a practical limit as to the thickness where a specific type of radiation energy is able to 
penetrate a curable abrasive coating. Factors related to the penetration of radiation through an abrasive coating and 
the practical thickness limit of an abrasive coating include, but are not limited to, the amount and type of precursor 
polymer subunits in a curable abrasive coating, the amount and type of abrasive particles In a curable abrasive coating, 
the length of time the radiation energy is applied to a curable abrasive coating, the type of radiation energy applied to 

45 a curable abrasive coating, and the type of photoinitiator present in a curable abrasive coating. If the thickness of the 
abrasive coating is greater than its practical thickness limit, the region of the abrasive coating beyond this practical 
thickness limit is not penetrable by the applied radiation. An abrasive coating having undergone a radiation curing 
process where Its thickness of the abrasive coating is greater than its practical thickness limit may only partially cure. 
A partially cured abrasive article used in a surface modification process will tend to result in the surface modification 

50 process quickly wearing the abrasive coating from the backing of the abrasive article. This abrasive article with a 
partially cured coating may not properly abrade or polish a workpiece if continued to be used in the same surface 
modification process, or if the abrasive article is used in future modification processes in combination with new work- 
pieces. 

[0008] Altematively, an abrasive coating may contain themnally curable precursor polymer subunits, instead of radi- 
55 ation curable precursor polymer subunits. IHeat is able to penetrate most abrasive coating compositions, if the abrasive 
coating is heated long enough. However, as the thickness of an abrasive coating Increases, heat tends to crack the 
abrasive coating during the heat curing step during the manufacture of the abrasive article. There is a practical thickness 
limit inherent in abrasive coatings that are heat curable that can be defined as the thickness of the abrasive coating at 
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which cracking tends to occur upon heat curing. This practical thickness limit would be dependent on factors such as 
the components of the abrasive coating, the duration of the heat curing step, and the temperature of the themrial curing 
process. It is not unusual that heat curing of very thick layers of abrasive coating may result in voids and air bubbles 
being formed in the coating during themnal curing of the coating. Abrasive articles, containing cracked or bubbled 
5 abrasive coatings may result in non-uniform abrading or polishing and are likely to wear quickly when used in surface 
modification processes. 

[0009] One embodiment of this invention is a durable abrasive article that includes a thick abrasive coating provided 
on a backing. Specifically, the invention embodies an abrasive article having a thick abrasive coating that includes at 
least two cured abrasive composite layers, wherein both the first and the second of the cured abrasive composite 

10 layers comprises an array of shaped abrasive composite structures. The abrasive article of the present invention has 
a first cured abrasive composite layer prepared from a first curable abrasive composite layer including first precursor 
polymer sub units. Coextensive with the first abrasive composite layer is a backing. At least a second abrasive composite 
layer is coextensive with and interposed between the first abrasive composite layer and the backing. The second cured 
abrasive composite layer is prepared from a second curable abrasive composite layer which includes second precursor 

15 polymer subunits. Both of the abrasive composite layers includes an array of shaped abrasive composite structures, 
preferably precisely shaped, and each abrasive composite layer has undergone at least one curing process. The thick- 
ness of an abrasive composite layer is less than or equal to Its practical thickness limit. An abrasive article of the 
present invention contains an abrasive coating that may contain a third, fourth or even more abrasive composite layers. 
The thickness of the abrasive coating of an abrasive article depends on the number of essentially cured abrasive 

20 composite layers within a given coating. Typically, each abrasive composite layer of an article of this invention comprises 
abrasive particles dispersed within a polymer resulting from precursor polymer subunits. 

[001 0] A second embodiment of the present invention includes a method of making the above defined abrasive article 
with a thick abrasive coating, wherein a first and second cured abrasive composite layer fonm an array of shaped 
abrasive composites structures, preferably precisely shaped abrasive composite structures. A first curable abrasive 

25 composite layer that includes first precursor polymer subunits is applied to a backing with a thickness less than or 
equal to its practical thickness limit. The first curable abrasive composite is essentially cured by radiation or themrial 
curing to form a first cured abrasive composite layer. At least a second curable abrasive composite layer that includes 
second precursor polymer subunits Is applied to the exposed surface of the first cured abrasive composite layer. The 
thickness of the second layer of abrasive composite applied to the first abrasive composite layer is less than or equal 

30 to its practical thickness limit The second curable abrasive composite layer is essentially cured while associated with 
the first cured abrasive composite layer to fonn a second cured abrasive composite layer. The article manufactured 
by the above method is described as having a first abrasive composite layer interposed and coextensive with the 
backing and the second abrasive composite layer. However, an abrasive article of the present invention Is described 
as having at least a second layer coextensive and interposed between a backing and a first abrasive composite layer. 

35 The descriptions of the article of the invention and the method should not confuse the reader and are used to fully 
describe the invention. Typically, each abrasive composite layer of the abrasive article produced by the method com- 
prises a plurality of abrasive particles dispersed within a binder. 

[0011] The method also includes the steps of contacting the first and the second of the abrasive composite layers 
with a production tool comprising a plurality of cavities prior to the curing of the respective abrasive composite layer. 

40 Specifically, abrasive composite layers including an array of shaped abrasive composite structures, either precisely 
shaped or irregularly shaped, are generally fonned by applying a layer of curable abrasive composite to a plurality of 
cavities of a production tool before the curing step. The production tool may be brought Into contact with (i.e., pressed 
against) a layer of curable abrasive composite prior to, or after, the step of applying the curable abrasive composite to 
a backing. If a curable abrasive composite layer is to be applied to a cured abrasive composite layer, then, a production 

45 tool may be brought In contact with the curable abrasive composite prior to, or after, the step of applying the layer of 
curable abrasive composite to the cured abrasive composite layer. Abrasive composite layers substantially free of an 
array of shaped abrasive composite structures are typically fornied by the above method without the use of a production 
tool and can be fornied, for example, by the methods of making a conventional lapping abrasive article as described 
in Culler et al., U.S. Patent No. 5,378,251 . 

so [0012] The following definitions are used throughout this patent application: 

"abrasive composite structures" refers to a plurality of shaped bodies which collectively provide a textured, three- 
dimensional abrasive composite layer. 

"precisely shaped" means that the abrasive composite structures have a distinct and discernible shape. This shape 
5s may be a geometric shape, random shape or combination thereof. In general, precisely shaped abrasive composite 

structures are fonned by curing precursor polymer subunits in the cavities of a tooling. Additional infomnation on 
precisely shaped abrasive composite structures can be found in U.S. Patent No, 5,152,91 7 (Pieper et al,). 
"irregularly shaped" means that the abrasive composite structures are not precise in that the precursor polymer 
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subunits has not fully cured in the cavities of a production tool, before the production tool Is removed from the 
abrasive composite layer. 

"associated with" refers to attachment to, bonding to, or permeation throughout an element of an abrasive com- 
posite layer. 

"thickness" refers to the dimension between two surfaces of an object, such as between the two longest surfaces 
of an abrasive composite layer, 
"practical thiclcness limrf when relating to: 



(a) abrasive composite layers containing radiation curable precursor polymer subunits, refers to a thickness 
10 measurement of an abrasive composite layer at which a specific type of radiation energy is able to effectively 

penetrate so as to effect essentially complete cure of the abrasive composite layer If the abrasive composite 
layer has a thickness greater than this thickness measurement, when radiation is applied to one surface of 
the abrasive composite layer it is unable to penetrate all of the abrasive composite material and effect essen- 
tially complete cure of abrasive composite material located beyond the above thickness measurement, 
'5 (b) abrasive composite layers containing themrtally curable precursor polymer subunits, refers to a thickness 

measurement of an abrasive composite layer that results in minimal cracking and bubbling of the abrasive 
composite layer upon heat curing. If the abrasive composite layer is thicker than this thickness measurement, 
heat curing of the abrasive composite layer will tend to crack or bubble the abrasive composite layer. 



20 [0013] Other features, advantages, and constructs of the invention will be better understood from the following de- 
scription of figures and the preferred embodiments of the present invention. 
[0014] Figure 1 is a cross sectional view of an abrasive article as a reference. 
[0015] Figure 2 is a cross sectional view of an abrasive article as a reference. 

[0016] Figure 3 Is a cross sectional view of an abrasive article made in accordance with an embodiment of this 
25 invention. 

[0017] Most abrasive articles contain a single abrasive coating, with a thickness dependent on the practical thickness 
limit of the coating. Such single coated abrasive articles typically have restricted durability and surface modification 
characteristics because of physical limitations associated with the manufacture of the abrasive articles. An abrasive 
article of the present invention includes a thick abrasive coating having at least two abrasive composite layers coex- 
30 tensive with a backing and each abrasive composite layer having undergone at least one curing process. Both the first 
and the second abrasive composite layers fomn an array of shaped abrasive composite structures. The thickness of 
any one abrasive composite layer being less than the practical thickness limit of that particular abrasive composite 
composition prior to curing. An example of an abrasive article having a thick abrasive coating is illustrated in Figure 1 
as a reference. 

35 [0018] As shown in Figure 1, an abrasive article 10 has a backing 11 and a thick abrasive coating 13. The thick 
abrasive coating contains a first abrasive composite layer 14 that comprises a plurality of first abrasive particles 16 
distributed in a first binder 15. The first abrasive composite layer 14 Includes an array of precisely shaped abrasive 
composite structures 12. A second abrasive composite layer 17 is coextensive with and Interposed between the first 
abrasive composite layer 14 and the backing 11 . The second abrasive composite layer 17 comprises a plurality of 

40 second abrasive particles 20 distributed in a second binder 21 , and the second abrasive composite layer 1 7 is sub- 
stantially free of an array of shaped abrasive composite structures. The temn "coextensive" indicates that a component 
of the abrasive article is generally continuous with and parallel to one or more components of the abrasive article. A 
"thick abrasive coating" refers to a coating having a plurality of abrasive composite layers each having undergone, at 
least one curing process. 

45 [0019] Figure 2 illustrates an example of a further abrasive article 50 with a thick abrasive coating 53 as a reference. 
The thick abrasive coating contains a first abrasive composite layer 54 with a plurality of first abrasive particles 56 
distributed in a first binder 55. The first abrasive composite layer Is substantially free of an array of shaped abrasive 
composite stmctures. The first abrasive composite layer 54 does not independently include an array of shaped abrasive 
composite structures but instead follows the contours associated with the second abrasive composite layer 57. A 

50 second abrasive composite layer 57 Includes an an^y of precisely shaped abrasive composite structures 59 and Is 
coextensive with and interposed between the first abrasive composite layer 54 and the backing 51 . The second abrasive 
composite layer 57 comprises a plurality of second abrasive particles 61 dispersed in a second binder 60. 
[0020] Figure 3, illustrates an example of an abrasive article 100 of the present Invention wherein two abrasive 
composite layers of the abrasive coating 1 03 include an an^ay of precisely shaped abrasive composite structures. The 

55 abrasive article has a backing 1 01 and a first abrasive composite layer 1 04 comprising a plurality of abrasive particles 
1 06 distributed in a binder 105. The first abrasive composite layer 1 04 includes an an^ay of precisely shaped abrasive 
composite structures 1 02. A second abrasive composite layer 1 07 is coextensive with and interposed between the first 
abrasive composite layer 1 04 and the backing 101 . The second abrasive composite layer 1 07 comprises a plurality of 
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abrasive particles 110 distributed in a binder 111 and includes an array of precisely shaped abrasive composite struc- 
tures 1 09 independent of the first abrasive composite layer 1 04. 

[0021] The figures illustrate examples of abrasive articles containing a thick abrasive coating having two abrasive 
composite layers where each abrasive composite layer comprises a plurality of abrasive particles dispersed In a binder. 

s Some abrasive articles of the present Invention may contain abrasive composite layers that have identical components, 
while other abrasive composite layers of the article may not have any components in common. For example, abrasive 
particles may vary in size, shape, and physical characteristics. An abrasive article having one abrasive composite layer 
with abrasive particles of one specific size may have another abrasive composite layer with abrasive particles of a 
different size. Typically, the abrasive particle is chosen based on the intended surface finish to be provided on a par- 

10 ticutar workpiece. If the abrasive article is to be used for generating a fine finish on the surface of a workpiece, then 
an abrasive article with small sized abrasive particles is typically chosen for use in a particular surface modification 
process. An abrasive article of this invention may contain abrasive composite layers where all layers, or just some of 
the layers, are free of abrasive particles. An abrasive article used in a surface modification process having significant 
abrading action (high stock removal) typically will have an abrasive coating with abrasive particles of relatively large 

IS size. The articles of the present invention may be used in a wide variety of surface modification processes and therefore 
may contain many different types of abrasive composite layers suitable for any particular surface modification process. 
[0022] The invention also encompasses abrasive articles with many different shaped abrasive composite layers. 
One example of an abrasive article of the present invention may be an abrasive article having more than two abrasive 
composite layers wherein each of the abrasive composite layers fonns an array of shaped, preferably precisely shaped, 

20 abrasive composite structures. The composite structures of some or all abrasive composite layers of an abrasive article 
may be of the same shape, or different shapes. The shape of the abrasive composite structure of each layer of an 
abrasive artk^le of the present Invention may be precisely shaped or irregularly shaped. 

[0023] There were few reports, if any, on the ability of an abrasive composite layer to withstand multiple curing 
processes. The abrasive articles of the present invention comprise abrasive composite layers wherein at least one 

25 layer has undergone at least two, possibly different, curing steps. As mentioned, an abrasive composite layer is applied 
to an abrasive article in the form of a curable abrasive composite layer that becomes cured by a curing process that 
typically involves radiation or thermal energy. Each time a curable abrasive composite layer is applied to a previous 
cured abrasive composite layer, the previously cured abrasive composite layer undergoes an additional curing step. 
If an abrasive article of the present invention has four abrasive composite layers, then the first abrasive composite 

30 layer provided on the backing may undergo four curing processes. The present invention illustrates that a single abra- 
sive composite layer may undergo more than one curing step without cracking or disassociating from a surface. 
[0024] In addition to being suitable for surtace modification processes, the abrasive articles of the present invention 
have enhanced durability. These articles are capable of being used in a large number of surface modification processes, 
or in one surface modification process for a long period of time. The length of time an abrasive article may be used in 

35 a surface modification process may be determined by measuring how long it takes for the abrasive coating to be 
removed from the backing of an abrasive article. An abrasive coating of the present invention becomes essentially 
eroded when the backing of the abrasive article Is essentially all that remains on the abrasive article. At the point in 
time, the article is no longer suitable for use In future surface modification processes. 

[0025] Each abrasive composite layer includes components important to surface modification characteristics and 
40 the durability of an abrasive article. The components of the abrasive composite layers and other embodiments of the 
invention are discussed in the following sections of the patent application. 

Abrasive Particles 

45 [0026] An abrasive article of the present invention typically comprises at least one abrasive composite layer that 
includes a plurality of abrasive particles dispersed in a cured binder resulting from precursor polymer subunits. The 
abrasive particles may be unifonnly dispersed in the binder or alternatively the abrasive particles may be non-unifomily 
dispersed, it is preferred that the abrasive particles are uniformly dispersed so that the resulting abrasive article has 
a more consistent cutting ability. 

50 [0027] The average particle size of the abrasive particles can range from about 0.01 to 1 500 micrometers, typically 
between 0.01 and 500 micrometers, and most generally between 15 and 500 micrometers. The size of the abrasive 
particle Is typically specified to be the longest dimension of the abrasive particle. In most cases there wilt be a range 
distribution of particle sizes. In some instances it is preferred that the particle size distribution be tightly controlled such 
that the resulting abrasive article provides a consistent surface finish on the workpiece being abraded. 

55 [0028] Examples of conventional hard abrasive particles include fused aluminum oxide, heat treated aluminum oxide, 
white fused aluminum oxide, black silicon carbide, green silicon carbide, titanium diboride, boron carbide, tungsten 
cariside, titanium cariside, diamond (both natural and synthetk;), silica, iron oxide, chromia, ceria, zirconia, titania, sil- 
icates, tin oxide, cubic boron nitride, garnet, fused alumina zirconia, sol gel abrasive particles and the like. Examples 
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of so! gel abrasive particles can be found in U.S. Patent Nos. 4,314,827 (Leitheiser et al.); 4,623,364 (Cottringer et al); 
4,744,802 (Schwabel); 4,770,671 (Monroe et al.) and 4,881 ,951 (Wood et al.). 

[0029] The terni abrasive particle, as used herein, also encompasses single abrasive particles bonded together with 
a polymer to form an abrasive agglomerate. Abrasive agglomerates are further described in U.S. Patent Nos. 4,311 .489 
5 (Kressner); 4,652,275 (Bloecher et al.); 4,799,939 (Bloecher et al.), and 5.500,273 (Holmes et al.). Altematively, the 
abrasive particles may be bonded together by inter particle attractive forces. 

[0030] The abrasive particle may also have a shape associated with it. Examples of such shapes include rods, 
triangles, pyramids, cones, solid spheres, hollow spheres and the like. Alternatively, the abrasive particle may be ran- 
domly shaped, 

10 [0031] Abrasive particles can be coated with materials to provide the particles with desired characteristics. For ex- 
ample, materials applied to the surface of an abrasive particle have been shown to improve the adhesion between the 
abrasive particle and the polymer. Additionally, a material applied to the surface of an abrasive particle may improve 
the dispersibility of the abrasive particles in the binder. Alternatively, surface coatings can alter and improve the cutting 
characteristics of the resulting abrasive particle. Such surface coatings are described, for example, in U.S. Patent Nos. 

15 5,01 1 ,508 (Wald et al.); 1 ,91 0,444 (Nicholson); 3,041 ,1 56 (Rowse et al.); 5,009,675 (Kunz et al.); 4,997,461 (iVIarkhoff- 
Matheny et al.); 5.213.951 (Celikkaya et al.); 5,085,671 (Martin et al.) and 5,042,991 (Kunz et al.). 
[0032] It is generally preferred to incorporate abrasive particles into the abrasive composite layer; though in some 
instances, an abrasive composite layer comprising shaped abrasive composites may not comprise abrasive particles. 
An abrasive article with an abrasive composite layer substantially free of abrasive particles is especially designed for 

20 polishing "soft" wori<pieces such as painted surfaces, wood, stained wood, lacquers, plastics and the like. It is within 
the scope of this invention to have an abrasive article including at least one abrasive composite layer substantially free 
of abrasive particles. Altematively, an abrasive article of this invention may contain abrasive composite layers wherein 
all layers are substantially free of abrasive particles. Abrasive composite layers independent of whether or not they 
are substantially free of abrasive particles, may also comprise filler particles or other additives. Because the above 

25 abrasive articles of this invention have two or more abrasive composite layers, it is within the scope of this invention 
to have an abrasive article with one abrasive composite layer substantially free of abrasive partbles and a second 
abrasive layer comprising abrasive particles. 

Fillers 

30 

[0033] An abrasive article of this invention may comprise an abrasive coating which further comprises a filler. A filler 
is a particulate material with an average particle size range between 0.1 to 50 micrometers, typically between 1 to 30 
mterometers. Examples of useful fillers for this Invention include metal cari3onates (such as calcium carbonate, calcium 
magnesium carbonate, sodium cari^onate, magnesium carbonate), silica (such as quartz, glass beads, glass bubbles 

35 and glass fibers), silicates (such as talc, clays, montmorillonite, feldspar, mica, calcium silicate, calcium metasilicate, 
sodium aluminosilicate, sodium silicate), metal sulfates (such as calcium sulfate, barium sulfate, sodium sulfate, alu- 
minum sodium sulfate, aluminum sulfate), gypsum, vermiculite, wood flour, aluminum trihydrate, carbon black, metal 
oxides (such as calcium oxide , aluminum oxide, tin oxide, titanium dioxide), metal sulfites (such as calcium sulfite), 
thermoplastic particles (such as polycarbonate, polyetherimide, polyester, polyethylene, polysulfone, polystyrene, aery- 

40 lonrtrile-butadiene-styrene block copolymer, polypropylene, acetal polymers, polyurethanes, nylon particles) and ther- 
mosetting particles (such as phenolic bubbles, phenolic beads, polyurethane foam particles and the like). The filler 
may also be a salt such as a halide salt. Examples of halide salts include sodium chloride, potassium cryolite, sodium 
cryolite, ammonium cryolite, potassium tetrafluoroborate, sodium tetrafluoroborate, silicon fluorides, potassium chlo- 
ride, magnesium chloride. Examples of metal fillers include, tin, lead, bismuth, cobalt, antimony, cadmium, iron and 

45 titanium. Other miscellaneous fillers include sulfur, organic sulfur compounds, graphite and metallic sulfides and sus- 
pending agents. 

[0034] An example of a suspending agent is an amorphous silica particle having a surface area less than 150 m^/g 
that is commercially available from Degussa Corp., under the trade name "OX-50". The addition of the suspending 
agent can lower the overall viscosity of the abrasive slurry. The use of suspending agents is further described in U.S. 
so Patent No. 5,368.619. 

Binders 

[0035] The abrasive coating of this invention is formed from a curable abrasive composite layer that comprises a 
55 mixture of abrasive particles and precursor polymer subunits. The curable abrasive composite layer preferably com- 
prises organic precursor polymer subunits. The precursor polymer subunits preferably are capable of flowing sufficiently 
so as to be able to coat a surface. Solidification of the precursor polymer subunits may be achieved by curing (e.g., 
polymerization and/or cross-linking), by drying (e.g., drivlngoff a liquid) and/orslmpty by cooling. The precursor polymer 
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subunits may be an organic solvent-borne, a water-borne, or a 1 00% solids (I.e., a substantially solvent-free) compo- 
sition. Both thermoplastic and/or thermosetting polymers, or materials, as well as combinations thereof, may be used 
as precursor polymer subunits. Upon the curing of the precursor polymer subunits, the curable abrasive composite is 
converted into the cured abrasive composite. The pretended precursor polymer subunits can be either a condensation 

s curable resin or an addition polymerizable resin. The addition polymerizable resins can be ethylenically unsaturated 
monomers and/or oligomers. Examples of useable crosslinkable materials include phenolic resins, bismaleimide bind- 
ers, vinyl ether resins, aminoplast resins having pendant a,p-unsaturated carbonyl groups, urethane resins, epoxy 
resins, acrylate resins, acrylated isocyanurate resins, urea-fo mi aldehyde resins, isocyanurate resins, acrylated ure- 
thane resins, acrylated epoxy resins, or mixtures thereof. 

10 [0036] An abrasive composite layer may comprise by weight, 100% precursor polymer subunits, between about 1 
part abrasive particles to 90 parts abrasive particles and 10 parts precursor polymer subunits to 99 parts precursor 
polymer subunits. Preferably, an abrasive composite layer may comprise about 30 to 85 parts abrasive particles and 
about 15 to 70 parts precursor polymer subunits. More preferably an abrasive composite layer may comprise about 
40 to 70 parts abrasive particles and about 30 to 60 parts precursor polymer subunits. 

IS [0037] The precursor polymer subunits are preferably a curable organic material (i.e., a polymer subunit or material 
capable of polymerizing and/or crosslinking upon exposure to heat and/or other sources of energy, such as electron 
beam, ultraviolet light, visible light, etc., or with time upon the addition of a chemical catalyst, moisture, or other agent 
which cause the polymer to cure or polymerize). Precursor polymer subunits examples include amino polymers or 
aminoplast polymers such as alkylated urea-formaldehyde polymers, melamine-formaldehyde polymers, and alkylated 

20 benzoguanamine-fomnaldehyde polymer, acrylate polymers including acrylates and methacrylates alkyi acrylates, acr- 
ylated epoxles, acrylated urethanes, acrylated polyesters, acrylated polyethers, vinyl ethers, acrylated oils, and acr- 
ylated silicones, alkyd polymers such as urethane alkyd polymers, polyester polymers, reactive urethane polymers, 
phenolic polymers such as resole and novolac polymers, phenolic/latex polymers, epoxy polymers such as bisphenol 
epoxy polymers, isocyanates, isocyan urates, polysiloxane polymers including alkylalkoxysilane polymers, or reactive 

25 vinyl polymers. The resulting binder may be In the fomri of monomers, oligomers, polymers, or combinations thereof. 
[0038] The aminoplast precursor polymer subunits have at least one pendant a,p-unsaturated carbonyl group per 
molecule or oligomer. These polymer materials are further described in U.S. Patent Nos. 4,903,440 (Larson et al.) and 
5,236,472 (Kirk etal.). 

[0039] Preferred cured abrasive composites are generated from free radical curable precursor polymer subunits. 

30 These precursor polymer subunits are capable of polymerizing rapidly upon an exposure to thermal energy and/or 
radiation energy. One preferred subset of free radical curable precursor polymer subunits include ethylenically unsatu- 
rated precursor polymer subunits. Examples of such ethylenk;ally unsaturated precursor polymer subunits include 
aminoplast monomers or oligomers having pendant a,P-unsaturated cartsonyl groups, ethylenically unsaturated mon- 
omers or oligomers, acrylated isocyanurate monomers, acrylated urethane oligomers, acrylated epoxy monomers or 

35 oligomers, ethylenically unsaturated monomers or diluents, acrylate dispersions, and mixtures thereof. The term acr- 
ylate includes both acrylates and methacrylates. 

[0040] Ethylenically unsaturated precursor polymer subunits include both monomeric and polymeric compounds that 
contain atoms of cariDon, hydrogen and oxygen, and optionally, nitrogen and the halogens. Oxygen or nitrogen atoms 
or both are generally present In the fomn of ether, ester, urethane, amide, and urea groups. The ethylenically unsaturated 

40 monomers may be monofunctional, difunctional, trifunctional, tetrafu notional or even higher functionality, and include 
both acrylate and methacry late-based monomers. Suitable ethylenically unsaturated compounds are preferably esters 
made from the reaction of compounds containing aliphatic monohydroxy groups or aliphatic polyhydroxy groups and 
unsaturated cariDoxylic acids, such as acrylic acid, methacryllc acid, itaconic acid, crotonic acid, isocrotonic acid, or 
maleic acid. Representative examples of ethylenically unsaturated monomers include methyl methacrylate, ethyl meth- 

45 acrylate, styrene, divlnylbenzene, hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, hydroxy 
propyl methacrylate, hydroxybutyl acrylate, hydroxybutyl methacrylate, lauryl acrylate, octyl acrylate, caprolactone acr- 
ylate, caprolactone methacrylate, tetrahydrofurfuryl methacrylate, cyclohexyl acrylate, stearyl acrylate, 2-phenoxyethyl 
acrylate, Isooctyl acrylate, Isobornyl acrylate, isodecyl acrylate, polyethylene glycol monoacrylate, polypropylene glycol 
monoacrylate, viayl toluene, ethylene glycol diacrylate, polyethylene glycol diacrylate, ethylene glycol dimethacrylate, 

so hexanediol diacrylate, triethylene glycol diacrylate, 2-(2-ethoxyethoxy) ethyl acrylate, propoxylated trimethylol propane 
triacrylate, trimethylolpropanetriacrylate, glycerol triacrylate, pentaerythritol triacrylate, pentaerythritol trimethacrylate, 
pentaerythritol tetraacrylate and pentaerythritol tetramethacrylate. Other ethylenically unsaturated materials include 
monoallyl, polyallyl, or polymethallyl esters and amides of carboxylic acids, such as diallyl phthalate, diallyl adipate, 
or N,N-diallyladipamide. Still other nitrogen containing ethylenically unsaturated monomers Include tris(2-acryl-oxye- 

ss thyl)isocyanurate, 1 ,3,5-tri(2-methyacryloxyethyl)-s-triazlne, acrylamide, methylacrylamide, N-methyl-acrylamide, N, 
N-dlmethylacrylamide, N-vinyl-pyrrolidone, or N-vinyl-piperidone. 

[0041] A prefen-ed'precursor polymer subunits contains a blend of two or more acrylate monomers. For example, 
the precursor polymer subunits may be a blend of trifunctional acrylate and a monofunctional acrylate monomers. An 
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example of one precursor polymer subunits is a blend of propoxylated trimethylol propane triacrylate and 2-(2-ethox- 
yethoxy) ethyl acrylate. The weight ratios of multifunctional acrylate and monofunctional acrylate polymers may range 
from about 1 part to about 90 parts multifunctional acrylate to about 1 0 parts to about 99 parts monofunctional acrylate. 
[0042] It is also feasible to formulate a precursor polymersubunits from a mixture of an acrylate and anepoxy polymer, 

5 e.g., as described in U.S. Patent No. 4,751 ,138 (Tumey et al.). 

[0043] Other precursor polymersubunits include Isocyanurate derivatives having at least one pendant acrylate group 
and isocyanate derivatives having at least one pendant acrylate group are further described In U.S. Patent No. 
4,652,274 (Boettcher et al.). The preferred isocyanurate material is a triacrylate of tris(hydroxyethyl) isocyanurate. 
[0044] Still other precursor polymer subunits include diacrylate urethane esters as well as polyacrylate or polymeth- 

10 acrylate urethane esters of hydroxy temninated isocyanate extended polyesters or polyethers. Examples of commer- 
cially available acrylated urethanes include those under the tradename "UVITHANE 782", available from Morton Chem- 
ical; "CMD 6600", "CMD 8400", and "CMD 8805", available from UCB Radcure Specialties, Smyrna, GA; "PHOTOMER" 
resins (e.g., PHOTOMER 6010) from Henkel Corp., Hobol<en, NJ; "EBECRYL220" (hexafunctional aromatic urethane 
acrylate), "EBECRYL 284" (aliphatic urethane diacrylate of 1200 diluted with 1 ,6-hexanediol diacrylate), "EBECRYL 

15 4827" (aromatic urethane diacrylate), "EBECRYL 4830" (aliphatic urethane diacrylate diluted with tetraethylene glycol 
diacrylate), "EBECRYL 6602" (trifunctlonal aromatic urethane acrylate diluted with trimethylolpropane ethoxy triacr- 
ylate), "EBECRYL 840" (aliphatic urethane diacrylate), and "EBECRYL 8402" (aliphatic urethane diacrylate) from UCB 
Radcure Specialties; and "SARTOMER" resins (e.g., "SARTOMER" 9635, 9645, 9655, 963-B80, 966-A80, 
CN980M50, etc.) from Sartomer Co., Exton, PA. 

20 [0045] Yet other precursor polymer subunits include diacrylate epoxy esters as well as polyacrylate or polymethacr- 
ylate epoxy ester such as the diacrylate esters of bisphenol A epoxy polymer. Examples of commercially available 
acrylated epoxtes Include those under the tradename "CMD 3500", "CMD 3600", and "CMD 3700", available from UCB 
Radcure Specialties. 

[0046] Other precursor polymer subunits may also be acrylated polyester polymers. Acrylated polyesters are the 

25 reaction products of acrylic acid with a dibasic acid/aliphatic diol-based polyester. Examples of commercially available 
acrylated polyesters include those known by the trade designations "PHOTOMER 5007" (hexafunctional acrylate), and 
"PHOTOMER 501 8" (tetrafunctional tetracrylate) from Henkel Corp.; and "EBECRYL 80" (tetrafu notional modified pol- 
yester acrylate), "EBECRYL 450" (fatty acid modified polyester hexaacrylate) and "EBECRYL 830" (hexafunctional 
polyester acrylate) from UCB Radcure Specialties. 

30 [0047] Another preferred precursor polymersubunits is a blend of ethylenicaliy unsaturated oligomer and monomers. 
For example the precursor polymer subunits may comprise a blend of an acrylate functional urethane oligomer and 
one or more monofunctional acrylate monomers. This acrylate monomer may be a pentafu notional acrylate, tetrafunc- 
tional acrylate, trifunctlonal acrylate, difunctional acrylate, monofunctional acrylate polymer, or combinations thereof. 
[0048] The precursor polymer subunits may also be an acrylate dispersion like that described in U.S. Patent No. 

35 5,378,252 (Follensbee), 

[0049] In addition to thermosetting polymers, thernioplastic binders may also be used. Examples of suitable thenno- 
plastic polymers include poiyamides, polyethylene, polypropylene, polyesters, poly urethanes, polyetherimide, polysul- 
fone, polystyrene, acrylonitriie-butadiene-styrene block copolymer, styrene-butadiene-styrene block copolymers, sty- 
rene-isoprene-styrene block copolymers, acetal polymers, polyvinyl chloride, and combinations thereof. 

40 [0050] Water-soluble precursor polymer subunits optionally blended with a thennosetting resin may be used. Exam- 
ples of water-soluble precursor polymersubunits include polyvinyl alcohol, hide glue, or water-soluble cellulose ethers 
such as hydroxypropylmethyl cellulose, methyl cellulose or hydroxyethylmethyl cellulose. These binders are reported 
in U.S. Patent No. 4,255,164 (Butkze et aL). 

[0051] In the case of precursor polymer subunits containing ethylenicaliy unsaturated monomers and oligomers, 
polymerization Initiators may be used. Examples include organic peroxides, azo compounds, quinones, nitroso com- 
pounds, acyl halides, hydrazones, mercapto compounds, pyrylium compounds, Imidazoles, chlorotriazines, benzoin, 
benzoin alkyl ethers, diketones, phenones, ormixtures thereof. Examples of suitable commercially available, ultraviolet- 
activated photoinitiators have tradenames such as "IRGACURE 651" and "IRGACURE 184" commercially available 
from the Ciba Geigy Company and "DAROCUR 1173" commercially available from Merck. Another visible light-acti- 
50 vated photoinitlator has the trade name "I RG ACU RE 369" commercially available from Ciba Geigy Company. Examples 
of suitable visible light-activated initiators are reported In U.S. Patent Nos. 4,735,632 (Oxman et al.) and 5,674,122 
(Klun et al.). 

[0052] A suitable initiator system may include a photosensitizes Representative photosensitizers may have carbonyl 
groups or tertiary amino groups or mixtures thereof. Preferred photosensitizers having carbonyi groups are benzophe- 
55 none, acetophenone, benzii, benzaidehyde, o-chlorobenzaldehyde, xanthone, thioxanthone, 9,10-anthraquinone, or 
other aromatic ketones. Preferred photosensitizers having tertiary amines are methyldiethanolamine, ethyldieth- 
anolamine, triethanoiamlne, phenylmethyl-ethanoiamine, or dimethylaminoethylbenzoate. Commercially available 
photosensitizers include "QUANTICURE ITX", "QUANTICURE QTX", "QUANTICURE PTX", "QUANTICURE EPD" 
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from Biddle Sawyer Corp. 

[0053] In general, theamountof photosensitizer or photoinitiator system may vary from about 0.01 to 10% by weight, 

more preferably from 0.25 to 4.0% by weight of the components of the precursor polymer subunlts. 

[0054] Additionally, it is pretended to disperse' (preferably unlfonnly) the initiator in the precursor polymer subunits 

5 before addition of any particulate material, such as the abrasive particles and/or filler particles. 

[0055] In general, it is preferred that the precursor polymer subunits be exposed to radiation energy, preferably 
ultraviolet light or visible light, to cure or polymerize the precursor polymer subunits. In some instances, certain abrasive 
particles and/or certain additives will absorb ultraviolet and visible light, which may hinder proper cure of the precursor 
polymer subunits. This occurs, for example, with ceria abrasive particles. The use of phosphate-containing photoiniti- 

10 ators, in particular acylphosphlne oxide containing photoinitiators, may minimize this problem. An example of such an 
acylphosphate oxide Is 2,4,6-trimethylbenzoyldiphenylphosphine oxide, which is commercially available from BASF 
Corporation under the trade designation "LR8893". Other examples of commercially available acylphosphlne oxides 
include "Darocur 4263" and "Darocur 4265" commercially available from Merck. 

[0056] Cationic initiators may be used to initiate polymerization when the binder is based upon an epoxy or vinyl 
IS ether. Examples of cationic initiators include salts of onium cations, such as arylsulfonium salts, as well as organome- 
talllc salts such as Ion arene systems. Other examples are reported In U.S. Patent Nos. 4,751,138 (Tumey et al.); 
5,256.170 (Harmer et al.); 4,985,340 (Palazotto); and 4,950,696. 

[0057] Dual-cure and hybrid-cure photoinitiator systems may also be used. In dual-cure photoiniator systems, curing 
or polymerization occurs in two separate stages, via either the same or different reaction mechanisms. In hybrid-cure 
20 photoinitiator systems, two curing mechanisms occur at the same time upon exposure to ultraviolet/visible or electron- 
beam radiation. 

An Abrasive Composite Layer 

25 [0058] An abrasive composite layer of this invention typically comprises a plurality of abrasive particles fixed and 
dispersed in a cured binder resulting from precursor polymer subunits, but may include other additives such as coupling 
agents, fillers, expanding agents, fibers, antistatic agents, initiators, suspending agents, photosensitlzers, lubricants, 
wetting agents, surfactants, pigments, dyes, UV stabilizers and suspending agents. The amounts of these additives 
are selected to provide the properties desired. 

30 [0059] The abrasive composite may optionally include a plasticizer. In general, the addition of the plasticizer will 
increase the erodibility of the abrasive composite and soften the overall binder composition. In some instances, the 
plasticizer will act as a diluent for the precursor polymer subunits. The plasticizer is preferably compatible with the 
precursor polymer subunits to minimize phase separation. Examples of suitable plasticizers include polyethylene glycol, 
polyvinyl chloride, dibutyl phthalate, alkyl benzyl phthalate, polyvinyl acetate, polyvinyl alcohol, cellulose esters, silicone 

35 oils, adipate and sebacate esters, polyols, polyols derivatives, t-butylphenyl diphenyl phosphate, tricresyl phosphate, 
castor oil, or combinations thereof. Phthalate derivatives are one type of preferred plasticizers. 
[0060] The abrasive particle, or abrasive coating, may further comprise surface modification additives including wet- 
ting agents (also sometimes referred to as surfactants) and coupling agents. A coupling agent can provide an associ- 
ation, bridge between the precursor polymer subunits and the abrasive particles. Additionally, the coupling agent can 

^ provide an association bridge between the binder and the filler particles. Examples of coupling agents include silanes, 
titan ates, and zircoalumi nates. 

[0061] In addition, water and/or organic solvent may be incorporated into the abrasive composite. The amount of 
water and/or organic solvent is selected to achieve the desired coating viscosity of precursor polymer subunits and 
abrasive particles. In general, the water and/or organic solvent should be compatible with the precursor polymer sub- 
^ units. The water and/or solvent may be removed following polymerization of the precursor, or it may remain with the 
abrasive composite. Suitable water soluble and/or water sensitive additives include polyvinyl alcohol, polyvinyl acetate, 
or cellulosic based particles. 

[0062] Examples of ethylenically unsaturated diluents or monomers can be found in U.S. Patent No. 5,236,472 (Kiric 
et al.). In some instances these ethylenically unsaturated diluents are useful because they tend to be compatible with 
so water. Additional reactive diluents are disclosed in U.S. Patent No. 5,178,646 {Barber et al.). 

Abrasive Composite Structure Configuration 

[0063] An abrasive article of this invention contains an abrasive coat wherein both the first and the second abrasive 
S5 composite layer Include an an^ay of shaped, preferably precisely shaped, abrasive composite structures. The term 
"shaped" in combination with the tenn "abrasive composite structure" refers to both "precisely shaped" and "In'egularly 
shaped" abrasive composite structures. An abrasive article of this invention may contain a plurality of such shaped 
abrasive composite structures in a predetemnined array on a backing. An abrasive composite structure can be formed. 
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for example, by curing the precursor polymer subunlts while being borne on the backing and In the cavities of the 
production tool. 

[0064] The shape of the abrasive composites structures may be any of a variety of geometric configurations. Typically 
the base of the shape in contact with the backing has a larger surface area than the distal end of the composite structure. 

s The shape of the abrasive composite structure may be selected from among a number of geometric solids such as a 
cubic, cylindrical, prismatic, right parallelepiped, pyramidal, truncated pyramidal, conical, hemispherical, truncated con- 
ical, or posts having any cross section. Generally, shaped composites having a pyramidal structure have three, four, 
five or six sides, not including the base. The cross-sectional shape of the abrasive composite structure at the base 
may differ from the cross-sectional shape at the distal end. The transition between these shapes may be smooth and 

10 continuous or may occur in discrete steps. The abrasive composite structures may also have a mixture of different 
shapes. The abrasive composite structures maybe arranged in rows, spiral, helix, or lattice fashion, or may be randomly 
placed. 

[0065] The sides forming the abrasive composite structures may be perpendicular relative to the backing, tilted rel- 
ative to the backing or tapered with diminishing width toward the distal end. An abrasive composite structure with a 

15 cross section that is larger at the distal end than at the back may also be used, although fabrication may be more difficult. 
[0066] The height of each abrasive composite structure is preferably the same, but it is possible to have composite 
structures of varying heights In a single fixed abrasive article. The height of the composite structures generally may 
be less than about 2000 micrometers, and more particularly in the range of about 25 to 1 000 micrometers. The diameter 
or cross sectional width of the abrasive composite structure can range from about 5 to 500 micrometers, and typically 

20 between about 1 0 to 250 micrometers. 

[0067] The base of the abrasive composite structures may abut one another or, altematively, the bases of adjacent 
abrasive composites may be separated from one another by some specified distance. 

[0068] The linear spacing of the abrasive composite stmctures may range from about 1 to 12,000 composites/cm^ 
and preferably at least about 50 to 7,500 abrasive composite structures/cm^. The linear spacing may be varied such 
25 that the concentration of composite structures is greater in one location than in another. The area spacing of composite 
structures ranges from about 1 abrasive composite structure per linear cm to about 1 00 abrasive composite structures 
per linear cm and preferably between about 5 abrasive composite structures per linear cm to about 80 abrasive com- 
posites per linear cm. 

[0069] The shaped abrasive composite structures are preferably set out on a backing, or a previously cured abrasive 
30 composite layer, in a predetermined pattern. Generally, the predetermined pattern of the abrasive composite structures 
will correspond to the pattern of the cavities on the production tool. The pattem is thus reproducible from article to article. 
[0070] In one embodiment, an abrasive article of the present invention may contain abrasive composite structures 
in an an^ay. With respect to a single abrasive composite layer, a regular array refers to aligned rows and columns of 
abrasive composite structures. In another embodiment, the abrasive composite structures may be set out In a "random" 
35 array or pattern. By this it is meant that the abrasive composite structures are not aligned in specific rows and columns. 
For example, the abrasive composite structures may be set out in a manner as described WO PCT 95/22436 published 
August 24, 1995 (Hoopman et al.). It is understood, however, that this "random" array is a predetemfiined pattern in 
that the location of the composites is predetermined and con^esponds to the location of the cavities in the production 
tool used to make the abrasive article. The term "array" refers to both "random" and "regular" arrays. 

40 

Backing 

[0071] A variety of backing materials are suitable for the abrasive article of the present invention, including both 
flexible backings and backings that are more rigid. Examples of typical flexible abrasive backings include polymeric 
45 film, primed polymeric film, metal foil, cloth, paper, vulcanized fiber, nonwovens and treated versions thereof, and 
combinations thereof. The thickness of a backing generally ranges between about 20 to 5000 micrometers and pref- 
erably between 50 to 2500 micrometers. 

[0072] Examples of more rigid backings include metal plates, ceramic plates, and the like. Another example of a 
suitable backing Is described in U.S. Patent No. 5,41 7,726 (Stout et al.). The backing may also consist of two or more 
so backings laminated together, as well as reinforcing fibers engulfed In a polymeric material as disclosed in PCT publi- 
cation WO 93/12911 (Benedict et al.). 

Production Tool 

S5 [0073] A production tool is used to provide an abrasive composite layer with an array of either precisely or irregu larly 
shaped abrasive composite structures. A production tool has a surface containing a plurality of cavities extending out 
of the main plane. These cavities are essentially the inverse shape of the abrasive composite structures and are re- 
sponsible for generating the shape and placement of the abrasive composite structures. These cavities may have any 
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geometric shape that is the Inverse shape to the geometric shapes suitable for the abrasive composites. Preferably, 
the shape of the cavities is selected such that the surface area of the abrasive composite structure decreases away 
from the backing. 

[0074] The production tool can be a belt, a sheet, a continuous sheet or web, a coating roil such as a rotogravure 
5 roll, a sleeve mounted on a coating roll, or die. The production tool can be composed of metal, (e.g., nickel), metal 
alloys, or plastic. The metal production tool can be fabricated by any conventional technique such as photolithography, 
knurling, engraving, hobbing, electrofonning, diamond turning, and the like. Prefen-ed methods of making metal master 
tools are described in PCT Publication WO 97/12727. 

[0075] A thennoplastic tool can be replicated off a metal master tool. The master tool will have the inverse pattern 
10 desired for the production tool. The master tool is preferably made out of metal, e.g., a nickel-plated metal such as 
aluminum, copper or bronze. A thennoplastic sheet material optionally can be heated along with the master tool such 
that the thennoplastic material is embossed with the master tool pattern by pressing the two together. The thermoplastic 
material can also be extruded or cast onto the master tool and then pressed. The thennoplastic material is cooled to 
a nonflowable state and then separated from the master tool to produce a production tool. The production tool may 
IS also contain a release coating to pennit easier release of the abrasive article from the production tool. Examples of 
such release coatings include silteones and fluorochemicals. 

[0076] Suitable themioplastic production tools are reported in U.S. Patent No. 5,435,816 (Spurgeon etal.). Examples 
of thennoplastic materials useful to form the production tool include polyesters, polypropylene, polyethylene, polya- 
mides, polyurethanes, polycariDonates, or combinations thereof. It is preferred that the thennoplastic production tool 
20 contain additives such as anti-oxidants and/or UV stabilizers. These additives may extend the useful life of the pro- 
duction tool. The production tool may also contain a release coating to permit easier release of the fixed abrasive article 
from the production tool. Examples of such release coatings Include silicones and f luorochemtoals. 

Method tor Making An Abrasive Article 

25 

, [0077] A preferred method for making an abrasive article with one abrasive composite layer having precisely shaped 
abrasive composite structures is described in U.S. Patent Nos. 5,152.917 (Pieper et al) and 5,435.816 (Spurgeon et 
al.). Other descriptions of suitable methods are reported In U.S. Patent Nos. 5,454,844 (Hibbard et al.); 5,437,754 
(Calhoun); and 5,304,223 (Pieper et al.). 

30 [0078] A suitable method for preparing an abrasive composite layer having an array of shaped abrasive composite 
structures includes preparing a curable abrasive composite layer comprising abrasive particles, precursor polymer 
subunits and optional additives; providing a production tool having a front surface; introducing the curable abrasive 
composite layer into the cavities of a production too! having a plurality of cavities; introducing a backing or previously 
cured abrasive composite layer of an abrasive article to the curable abrasive composite layer; and curing the curable 

35 abrasive composite layer before the article departs from the cavities of the production tool to form a cured abrasive 
composite layer comprising abrasive composite structures. The curable abrasive composite Is applied to the production 
tool so that the thickness of the curable abrasive composite layer is less than or equal to its practical thickness limit. 
[0079] An abrasive composite layer that Is substantially free of an an^ay of precisely shaped abrasive composite 
structures is made by placing a curable abrasive composite layer on a backing, or previously cured abrasive composite 

40 layers, independentiy of a production tool, and curing the abrasive composite layer to fonn a cured abrasive composite 
layer. The curable abrasive composite layer is applied to a surface so that the thickness of the abrasive composite 
layer is less than or equal to its practical thickness limit. Additional abrasive composite layers may be added to an 
abrasive article by repeating the above steps. 

[0080] The curable abrasive composite layer is made by combining together by any suitable mixing technique the 
45 precursor polymer subunits, the abrasive particles and the optional additives. Examples of mixing techniques include 
low shear and high shear mixing, with high shear mixing being preferred. Ultrasonic energy may also be utilized in 
combination with the mixing step to lower the curable abrasive composite viscosity (the viscosity being important in 
the manufacture of an abrasive article) and/or affect the rheology of the resulting curable abrasive composite layer. 
Alternatively, the curable abrasive composite layer may be heated in the range of 30 to 70°C, microfluidized or ball 
50 milled In order to mix the curable abrasive composite. 

[0081] Typically, the abrasive particles are gradually added into the precursor polymer subunits. It Is preferred that 
the curable abrasive composite layer be a homogeneous mixture of precursor polymer subunrts, abrasive particles 
and optional additives. If necessary, water and/or solvent is added to lower the viscosity. The fomnation of air bubbles 
may be minimized by pulling a vacuum either during or after the mixing step. 
55 [0082] The coating station can be any conventional coating means such as drop die coater, knife coater, curtain 
coater, vacuum die coater or a die coater. A preferred coating technique is a vacuum fluid bearing die reported in U. 
S. Patent Nos. 3,594,865 (ErtD); 4.959,265 (Wood); and 5,077,870 (Millage). During coating, the fomnation of airbubbles 
Is preferably minimized. 
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[0083] After the production tool is coated, the backing, or previously cured abrasive composite layer of an abrasive 
article, and the next layer of curable abrasive composite are brought into contact by any means such that the next 
layer of curable abrasive composite wets a surface of the backing or previously cured abrasive composite layer. The 
curable abrasive composite layer is brought into contact with the backing or the previously cured abrasive composite 
s layer by contacting the nip roil which forces the resulting construction together. The nip roll may be made from any 
material; however, the nip roll Is preferably made from a structural material such as metal, metal alloys, rubber or 
ceramics. The hardness of the nip roll may vary from about 30 to 1 20 durometer, preferably about 60 to 1 00 durometer, 
and more preferably about 90 durometer. 

[0084] Next, energy is transmitted into the curable abrasive composite layer by an energy sou rce to at least partially 
10 cure the precursor polymer subunlts. The selection of the energy source will depend in part upon the chemistry of the 
precursor polymer subunits, the type of production tool as well as other processing conditions. The energy source 
should not appreciably degrade the production tool or backing. Partial cure of the precursor polymer subunits means 
that the precursor polymer subunits are polymerized to such a state that the curable abrasive composite layer does 
not flow when inverted in the production tool. If needed, the precursor polymer subunits may be fully cured after they 
IS are removed from the production tool using conventional energy sources. 

[0085] After at least partial cure of the precursor polymer subunits, the production tool and abrasive article are sep- 
arated. If the precursor polymer subunits are not essentially fully cured, the precursor polymer subunits can then be 
essentially fully cured by either time and/or exposure to an energy source. Finally, the production tool is rewound on 
a mandrel so that the production tool can be reused again and the fixed abrasive article is wound on another mandrel. 
20 [0086] In another variation of this first method, the curable abrasive composite layer is coated onto the backing and 
not Into the cavities of the production tool. The curable abrasive composite layer coated backing Is then brought Into 
contact with the production tool such that the slurry flows into the cavities of the production tool. The remaining steps 
to make the abrasive article are the same as detailed above. 

[0087] It is preferred that the precursor polymer subunits are cured by radiation energy. The radiation energy may 

25 be transmitted through the backing or through the production tool. The backing or production tool should not appreciably 
absorb the radiation energy. Additionally, the radiation energy source should not appreciably degrade the backing or 
production tool. For instance, ultraviolet light can be transmitted through a polyester backing. Alternatively, if the pro- 
duction tool is made from certain themrioplastic materials, such as polyethylene, polypropylene, polyester, polycar- 
bonate, po}y(ether sulfone), poly(methyl methacrylate), polyurethanes, polyvinylchloride, or combinations thereof, ul- 

30 traviolet or visible light may be transmitted through the production tool and into the slurry. For thermoplastic based 
production tools, the operating conditions for making the fixed abrasive article should be set such that excessive heat 
is not generated. If excessive heat is generated, this may distort or melt the thermoplastic tooling. 
[0088] The energy source may be a source of themnal energy or radiation energy, such as electron beam, ultraviolet 
light, or visible light. The amount of energy required depends on the chemical nature of the reactive groups in the 

35 precursor polymer subunits, as well as upon thethickness and density of the binder sluny. Forthemrial energy, an oven 
temperature of from about 50**C to about 250°C and a duration of from about 15 minutes to about 1 6 hours are generally 
sufficient. Electron beam radiation or ionizing radiation may be used at an energy level of about 0.1 to about 1 0 Mrad, 
preferably at an energy level of about 1 to about 1 0 Mrad. Ultraviolet radiation Includes radiation having a wavelength 
within a range of about 200 to about 400 nanometers, preferably within a range of about 250 to 400 nanometers. Visible 

^ radiation Includes radiation having a wavelength within a range of about 400 to about 800 nanometers, preferably in 
a range of about 400 to about 550 nanometers. 

[0089] The resulting cured abrasive composite layer will have the inverse pattern of the production tool. By at least 
partially curing or curing on the production tool, the abrasive composite layer has a precise and predetermined pattern. 
[0090] There are many methods for making abrasive composites having irregularly shaped abrasive composites. 

45 While being irregularly shaped, these abrasive composites may nonetheless be set out In a predetemiined pattern, in 
that the location of the composites is predetermined. In one method, curable abrasive composite is coated so that the 
thickness of the abrasive composite layer is within the practical thickness limits of the composite, into cavities of a 
production tool to generate the abrasive composites. The production tool may be the same production tool as described 
above in the case of precisely shaped composites. However, the curable abrasive composite layer is removed from 

50 the production tool before the precursor polymer subunits are cured sufficiently for the layer to substantially retain its 
shape upon removal from the production tool. Subsequent to this, the precursor polymer subunits are cured. Since the 
precursor polymer subunits are not cured while in the cavities of the production tool, this results in the curable abrasive 
composite layer flowing and distorting the abrasive composite shape. 

[0091] In another method of making irregularly shaped composites, the curable abrasive composite can be coated 
S5 onto the surface of a rotogravure roll. The backing comes into contact with the rotogravure roll and the curable abrasive 
composite wets the backing. The rotogravure roll then imparts a pattern or texture Into the curable abrasive composite. 
Next, the slurry/backing combination is removed from the rotogravure roll and the resulting construction is exposed to 
conditions to cure the precursor polymer subunits such that a layered abrasive composite is fonned. A variation of this 



12 



EP001034065B1 f http://wAw. a etth epat en t.c om/Logln.dog/Smdean/Fetch/EPQ01034Q65B1 x pc7pn 



Pa ge 13 of 22 



EP 1 034 065 B1 

process is to coat the curable abrasive composite layer onto the backing and bring the backing into contact with the 
rotogravure roll. 

[0092] The rotogravure roll may Impart desired patterns such as a hexagonal an^ay, ridges, lattices, spheres, pyra- 
mids, truncated pyramids, cones, cubes, blocks, or rods. The rotogravure roll may also impart a pattem such that there 
s is a land area between adjacent abrasive composites. This land area can comprise a mixture of abrasive particles and 
binder. Alternatively, the rotogravure roll can impart a pattern such that the backing is exposed between adjacent 
abrasive composite shapes. Similarly, the rotogravure roll can impart a pattern such that there is a mixture of abrasive 
composite shapes. 

[0093] Another method Is to spray or coat the curable abrasive composite layer through a screen to generate a 
10 pattem of the abrasive composites. Then the precursor polymer subunits are cured to form the abrasive composite 
structures. The screen can impart any desired pattem such as a hexagonal array, ridges, lattices, spheres, pyramids, 
truncated pyramids, cones, cubes, blocks, or rods. The screen may also impart a pattem such that there is a land area 
between adjacent abrasive composite structures. This land area can comprise a mixture of abrasive particles and 
binder. Alternatively, the screen may impart a pattern such that the backing Is exposed between adjacent abrasive 
15 composite structures. Similarly, the screen may impart a pattern such that there is a mixture of abrasive composite 
shapes. This process is reported in U.S. Patent No. 3,605,349 (Anthon). 

EXAMPLES 

20 [0094] The following non-limiting examples will further illustrate the invention. All parts, percentages, ratios, etc., in 
the examples are by weight unless otherwise indicated. The following abbreviations are used throughout: 



TABLE 1 



Designation 


Material 


AO 


fused aluminum oxide abrasive grain; 


ASF 


amorphous silica filler, commercially available from Degussa Corp. under the trade designation "OX- 
50"; 


CIVISK 


treated calcium metasllicate filler, commercially available from NYCO, Willsboro, NY under the trade 

designation "WOLLASTOCOAT'; 


KB1 


2,2-dtmethoxy-1 ,2-diphenylethanone, commercially available from Lamberti S.P.A. (through 
SartomerCo.) under the trade designation "ESACURE KB 1"; 


KBF4, 


potassium tetrafluoroborate; 


PH2 


2-benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyl)-1-butanone, commercially available from 
Ciba-Geigy Corp. under the trade designation "IRGACURE 369"; 


PRO 


a mixture of 60/40/1 TMPTATATHEIC/KBI ; 


SCA 


silane coupling agent, S-methacryloxypropyl-trimethoxysilane, commercially available from Union 
Carbide under the trade designation "A-174"; 


TATHEIG 


triacrylate of tris(hydroxy ethyl)isocyanurate, commercially available from Sartomer Co., under the 
trade designation "SR368"; 


TMPTA 


trimethylol propane triacrylate, commercially available from Sartomer under the trade designation 
"SR351". 



[0095] The following general procedures were used to make the abrasive coatings of the abrasive articles used in 
Examples 1-11 and Comparative Examples B-D. 

so 

General Procedure I For Making An Abrasive Article 

[0096] First, a curable abrasive composite, comprising precursor polymer subunits, was prepared by thoroughly 
mixing materials as listed in the examples in a high shear mixer 
55 [0097] The abrasive article was made using a polypropylene production tool that comprised a series of cavities with 
specified dimensions arranged in a predetennined order or array as described in the examples. The production tool 
was essentially the inverse of the desired shape, dimensions and an-angement of the abrasive composite structures. 
The production tool was unwound from a winder and the curable abrasive composite layer was coated into the cavities 
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of the production tool at a speed of about 15.2 meters/minute (50 ft/min) with a knife coater at approximately 32°C. 
The knife coater had a gap of approximately 75-100 micrometers (3-4 mils). Next, a 406 micrometer (16 mil) thick 
polyester-cotton cloth backing having a latex/phenolic cloth treatment was brought Into contact with the curable abrasive 
composite layer coated production tool such that the curable abrasive composite layer wetted the front surface of the 

s backing. Afterwards, ultraviolet light radiation was transmitted through the production tool and into the curable abrasive 
composite layer. The ultraviolet lamp used was a Fusion System ultraviolet light that used 2 "D" bulbs and operated 
at a dosage of about 236.2 Watts/cm (600 WattsAinch). Upon exposure to the ultraviolet light, the precursor polymer 
subunits were converted into an essentially cured abrasive composite layer. It is difficult to obtain complete curing of 
the abrasive composite layer wherein 1 00% of all polymer precursor subunits are Incorporated into a larger polymer 

^0 Consequently, a cured abrasive composite layer Is an abrasive composite layer that has undergone a curing process 
and has been essentially cured in that almost all of the precursor polymer subunits have been incorporated Into a larger 
polymer chain. Only a residue of unincorporated precursor polymer subunits remains in the cured abrasive composite 
layer after the curing process. The production tool was removed from the abrasive composite/backing and the abrasive 
article was wound on a take-up roll. 

IS [0098] A second abrasive composite layer was applied directly on top of this first abrasive composite layer by the 
same procedure. 

General Procedure II For Making An Abrasive Article 

20 [0099] First, a curable abrasive composite layer, comprising precursor polymer subunits, was prepared by thoroughly 
mixing the raw materials as listed in the examples in a high shear mixer. 

[0100] The abrasive article was made by coating the curable abrasive composite layer onto a polyester-cotton cloth 
backing having a latex/phenolic cloth treatment. The curable abrasive composite layer was applied to the backing at 
a speed of about 15.2 meters/minute (50 ft/min) with a knife coater. The knife coater had a gap of approximately 

25 228-305 micrometers (9-12 mils). 

[01 01 ] Next, a polypropylene production tool, that comprised a series of cavities with specified dimensions an-anged 
in a predetemnined order or array as specified in the examples, having essentially the inverse of the desired shape, 
dimension and arrangement of the abrasive composites was brought into contact with the backing by means of a roller 
so that the curable abrasive composite layer filled the cavities of the production tool. Afterwards, ultraviolet light radiation 

30 was transmitted through the production tool and into the curable abrasive composite layer. The ultraviolet lamp used 
was a Fusion System ultraviolet light that used 2 "D" bulbs and operated at a dosage of about 236.2 Watts/cm (600 
Watts/inch). Upon exposure to the ultraviolet light, the curable abrasive composite was converted into a cured abrasive 
composite layer. The abrasive composite layer was then removed from the cavities of the production tool and the 
abrasive article was wound on a take-up roll. 

35 [0102] A second abrasive composite layer was applied directly on top of this first abrasive composite layer by the 
same procedure. It should be noted that an abrasive article made under this patent may utilize General Procedure I 
for creating one or more abrasive composite layers and General Procedure 11 to create other additional abrasive com- 
posite layers. The abrasive composite layers of an abrasive coating may each be made by a different method. For 
example, methods Including a rotogravure may be used to make one or more abrasive composite layers of an abrasive 

40 article of the present invention. 

Test Procedure For Measuring The Durability of An Abrasive Article 

[0103] The above methods General Procedure I and II For Making An Abrasive Article were used to produce coated 
45 webs of abrasive material. These webs were then converted into endless abrasive belts by techniques common to 
abrasive belt manufacturing. In this case, the abrasive belts measured 7.6 cm wide x 203 cm long (3" x 80"). The 
abrasive articles were tested on a constant infeed surface grinder to calculate the number of surface modification 
processes an abrasive article could endure before the abrasive coat of the abrasive article was essentially eroded; 
that is the backing was essentially completely exposed through the abrasive coating. The abrasive article was tested 
50 by mounting the article on a surface grinder. The surface grinder had a 45.72 cm (1 8 Inch) smooth rubber 90 shore D 
durometer driven contact wheel. The abrasive article was driven at a speed of 1706 meters/minute (5600 ft/mIn) and 
a steel wori^plece was incrementally pressed against the belts at 6.35 micrometers/pass (0.25 mil/pass) (i.e., downfeed) 
at a throughput speed of 6 meters/minute. The workpiece was a 1 01 8 mild steel workpiece and positioned horizontally 
and reciprocated parallel to the belt. The test was run under a water flood and testing was ended when the backing of 
55 the abrasive article was essentially all that remained on the abrasive article, that is the abrasive coating of the abrasive 
article was essentially eroded. The durability of an abrasive article was correlated to the number of times the workpiece 
was pressed against the abrasive article before the abrasive coating was essentially eroded. 
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Production Tool 

[0104] A production tool with an an-ay of precisely shaped cavities was used to make an abrasive connposite layer 
that Includes an array of precisely shaped abrasive composite structures. Each abrasive composite structure of an 
5 abrasive composite layer was generally the inverse shape of the cavity. The following production tools were used: 

Production Tool 1: Production Tool I contained cavities that when applied to abrasive composite material, produced 
abrasive composite layers with precisely shaped "gumdrop" structures, as taught by PCT WO 95/22436. The base 
of a gumdrop cavity refers to the portion of the production tool defining the cavity that comes in contact with a 
10 backing during the curing process. The base diameter of a gumdrop shaped cavity on production tool I was about 

329p,m to 381 ^m. The depth of a gumdrop shaped cavity located on the production tool was measured from the 
center of the base to the highest point on the topography of the gumdrop shape. The average depth of a gumdrop 
shaped cavity of the production tool I was about 147p.m. 

Production Tool II: Production Tool II contains cavities that when applied to abrasive composite material, produce 
IS abrasive composite layers with precisely shaped four sided pyramids of various sizes. The base of a pyramid 

shaped cavity of production tool II refers to the portion of the mold defining a pyramid shaped cavity that comes 
in contact with a backing during the curing process. The interior angles of a pyramid cavity fonmed at the base of 
the pyramid were within the range of 15° to 45°. The interior angle located at the highest point of a pyramid shaped 
cavity, that is the point furthest away from the center of the base, was in the range of 60° to 90°. The height of a 
20 pyramid shaped cavity measured from center of the base, to the highest point of the pyramid shaped cavity topog- 

raphy, was about 311 pm. The tool was produced by diamond turning according to the teachings of PCT WO 
95/07797 (Hoopman et al.) 

Production Tool III : Production Tool III contained cavities that when applied to abrasive composite material produce 
abrasive composite layers with precisely shaped four sided pyramids of various sizes. The structure of a pyramid 
25 shaped cavity was defined under Production Tool II. The Interior angles located at the base of a pyramid shaped 

cavity located on production tool III were in the range of 30° to 45°. The interior angle located at the highest point 
of the pyramid topography of a cavity of production tool III was In the range of 60° to 90°. The depth of a pyramid 
cavity of production tool III, as defined above, was about 374 \vm. The pyramid tool was produced by a cut knuriing 
process according to the teachings of PCT Publication WO 97/12727. 

30 

Comparative Example A and Examples 1-6 

[01 05] The abrasive article of Comparative Example A Is a structured abrasive belt having a single layer of precisely 
shaped abrasive composites, commercially available from Minnesota Mining and Manufacturing Co., (St. Paul, MN), 

35 herein after refen-ed to as "3M", under the trade designation 'TRI2ACT 237 AA". 

[0106] The abrasive composite layers of Examples 1-4 were processed as described In General Procedure 11 For 
Making An Abrasive Article. The abrasive articles of Examples 5-6 were processed as described in General Procedure 
I For Making An Abrasive Article. The articles of Examples 1-6 were made of the following components: 56.76 parts 
of a 70/30 blend TMPTATATHEIC, 39.17 parts KBF4, 2 parts SCA, 2 parts ASF and 0.57 parts pH2, and adding 58 

40 parts AO (having an average particle size of about 80 micrometers) to 42 parts of the mixture. 

[01 07] The abrasive articles of Examples 1 -6 had thick abrasive coatings containing two abrasive composite layers 
compared to the abrasive article of Comparative Example A which had a thin abrasive coating with a single abrasive 
composite layer. The abrasive articles of Examples 1-6 had a bottom abrasive composite layer and a top abrasive 
composite layer. The bottom abrasive composite layer was defined as the abrasive composite layer interposed between 

4s the top abrasive composite layer and the backing of the abrasive article. The articles of the comparative examples 
have only one abrasive composite layer, that is a bottom abrasive composite layer adjacent to a backing. Table 2 
summarizes the resulting abrasive article construction by listing the production tools used for the first and second 
composite layers and the depths of the cavities in the production tools for Examples 1 -6. 

so TABLE 2 



CHARACTERISTICS OF ABRASIVE COMPOSITE LAYERS 


Abrasive Article 


Bottom Layer 


Top Layer 


Example 1 


Production Tool 1 


Production Tool 1 


Example 2 


Production Tool 1 


Production Tool 11 


Example 3 


Production Tool 11 


Production Tool II 
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TABLE 2 (continued) 



5 



CHARACTERISTICS OF ABRASIVE COMPOSITE LAYERS 


Abrasive Article 


Bottom Layer 


Top Layer 


Example 4 


Production Tool II 


Production Tool 1 


Example 5 


Production Tool III 


Production Tool III 


Example 6 


Production Tool III 


Production Tool 1 



10 

[0108] The durability of the abrasive articles of Examples 1-6 and Comparative Example A were determined as 
described in the Test Procedure For Measuring The Durability of An Abrasive Article. The results are in Table 3. 



TABLE 3 



DURABILITY 


Abrasive Article 


No. of Contacts Between the Workpiece and Abrasive Article 


Example 1 


602 


Example 2 


522 


Example 3 


707 


Example 4 


744 


Example 5 


412 


Example 6 


450 


Comp. A 


191 



[0109] The results illustrate that an abrasive article with a thick abrasive coating having at least two abrasive com- 
posite layers (Examples 1-6) was more durable than an abrasive article having a thin abrasive coating with a single 
abrasive composite layer. The abrasive article with a thick abrasive coating was able to contact the workpiece a larger 
number of times than an abrasive article with a thin abrasive coating, before the coating was essentially eroded. 



Examples 7 - 9 & Comparative Examples B and C 

35 

[0110] The abrasive composite layers of Examples 7 and 8 and Comparative Examples B and C, were processed 
as described in General Procedure II For Making An Abrasive Article. The abrasive composite layers of Example 9 
were processed as described in General Procedure 1 For Making An Abrasive Article. The articles of Examples 7, 8 
and 9 and Comparative Examples B and C were made of the following components: 1000 parts PRO, 5 parts KB1 , 35 
parts SCA, 50 parts ASF, and 1 50 parts KBF4, and then 62 parts AO (having an average particle size of about 80 
micrometers) were added to 38 parts of the precursor polymer subunits mixture. 

[01 1 1 ] Each of the abrasive articles of Examples 7, 8 and 9 had a thick abrasive coating that contained two abrasive 
composite layers. The bottom abrasive composite layer is defined as being interposed between the top abrasive com- 
posite layer and the backing of the abrasive article. The articles of the comparative examples have only one abrasive 
composite layer, that is a bottom abrasive composite layer adjacent to a backing. The abrasive articles of Comparative 
Examples B and C had a thin coating that contained only one abrasive composite layer. Table 4 summarizes the 
resulting abrasive article constructions by listing the production tools used for the bottom and top composite layers 
and the depths of the cavities In the production tools for Examples 7-9 and Comparative Examples B and C. 



TABLE 4 



55 



CHARACTERISTICS OF ABRASIVE COMPOSITE LAYERS 


Abrasive Article 


Bottom Layer 


Top Layer 


Example 7 


Production Tool II 


Production Tool 11 


Example 8 


Production Tool III 


Production Tool ill 


Example 9 


Production Tool III 


Production Tool 111 
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TABLE 4 (continued) 



CHARACTERISTICS OF ABRASIVE COMPOSfTE LAYERS 


Abrasive Article 


Bottom l_ayer 


Top Layer 


Comparative Example B 


Production Tool II 


N/A (Not Applicable) 


Comparative Example C 


Production Tool III 


N/A 



[0112] The durability of Examples 7, 8 and 9 and Comparative Examples B and C were detemnined as described in 
the Test Procedure For Measuring The Durability of An Abrasive Article. The results are in Table 5. 



TABLE 5 



DURABILITY 


Abrasive Article 


No. of Contacts Between the Workpiece and Abrasive Article 


Example 7 


668 


Example 8 


775 


Example 9 


828 


Comp. B 


281 


Comp.C 


352 



[0113] The results of the testing Illustrated that an abrasive article with a thick abrasive coating having at least two 
abrasive composite layers (Examples 1, 8 and 9) was more durable than an abrasive article having a thin abrasive 
coating with a single abrasive composite layer. The abrasive article with a thick abrasive coating was able to contact 
the workpiece a larger number of times than an abrasive article with a thin abrasive coating, before the coat was 
essentially eroded. 

Example 10 & Comparative Examples D and E 

[01 1 4] The abrasive articles of Example 1 0 and Comparative Examples D and E were made by the process described 
in General Procedure I For Making An Abrasive Article. The components of the abrasive articles of Example 1 0 and 
Comparative Example D were: 1000 parts PRO, 750 parts CMSC, 50 parts SCA, 20 parts ASF, and 5 parts KB 1 and 
then adding 42 parts AO (having an average particle size of about 45 micrometers) to 58 parts of the mixture. The 
components of Comparative Example E were: 56.76 parts of a 70/30 blend of TMPTA/TATHEIC, 39.17 parts KBF4, 2 
parts SCSA, 2 parts ASF and 0.57 parts pH 2.0 and adding 55 parts AO (having an average particle size of about 45 
micrometers) to 45 parts of the mixture. 

[0115] The abrasive articles of Comparative Examples D and E comprised a thin abrasive coating having only one 
abrasive composite layer. The abrasive article of Example 1 0 had a thick abrasive coating containing two abrasive 
composite layers. The bottom abrasive composite layer is defined as being interposed between the top abrasive com- 
posite layer and the backing of the abrasive article. The articles of the Comparative Examples have one abrasive 
composite layer, that is a bottom abrasive composite layer adjacent to a backing. Table 6 summarizes the resulting 
abrasive article constructions by listing the production tools used for the first and second composite layers and the 
depths of the cavities in the production tools for Example 1 0 and Comparative Examples D and E. 



TABLE 6 



CHARACTERISTICS OF ABRASIVE COMPOSITE LAYERS 


Abrasive Article 


Bottom Layer 


Top Layer 


Example 10 


Production Tool M 


Production Tool II 


Comparative Example D 


Production Tool 11 


N/A 


Comparative Example E 


Production Tool II 


N/A 



[0116] Example 1 0 and Comparative Examples D and E were tested as described in the Test Procedure For Meas- 
uring the Durability of An Abrasive Article and the results are reported In Table 7. 
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TABLE 7 



DURABILITY 


Abrasive Article 


No. of Contacts Between the Workpiece and Abrasive Article 


Example 1 0 


574 


Comp. D 


130 


Comp. E 


192 



[0117] The results illustrate that an abrasive article having a thick abrasive coating containing at least two abrasive 
composite layers (Example 10) was more durable than an abrasive article having a thin abrasive coating containing a 
single abrasive composite layer. The abrasive article with a thick abrasive coating was able to contact the workpiece 
a larger number of times than an abrasive article with a thin abrasive coating, before the coat was essentially eroded 
by the multiple contacts with the workpiece. 



Claims 

1 . An abrasive article having a thick abrasive coating, the abrasive article comprising: 

(a) a first abrasive composite layer obtainable by curing a first curable abrasive composite layer comprising 
first precursor polymer subunits; 

(b) a backing; and 

(c) a second abrasive composite layer obtainable by curing a second curable abrasive composite layer com- 
prising second precursor polymer subunits, the second abrasive composite layer coextensive with and inter- 
posed between the first abrasive composite layer and the backing, 

wherein both the first and the second abrasive composite layers form an array of shaped abrasive composite 
^ structures. 

2. The abrasive article according to claim 1 , wherein the shaped abrasive composite structures of at least one of the 
abrasive composite layers are precisely shaped. 

3. The abrasive article according to claim 1 or 2, wherein the shaped abrasive composite structures of the first and 
second abrasive composite layers are precisely shaped. 

4. The abrasive arttele according to any of claims 1 to 3, wherein the first precursor polymer subunits are radiation 
curable and selected from group consisting of acrylate monomers, acrylated epoxles, acrylated urethanes, acr- 

^ ylated polyesters, acrylated Isocyanates, and combinations thereof. 

5. The abrasive article according to any of claims 1 to 4, wherein the second precursor polymer subunits are radiation 
curable and selected from the group consisting of acrylate monomers, acrylated epoxles, acrylated urethanes, 
acrylated polyesters, acrylated isocyanates, and combinations thereof. 

45 

6. The abrasive article according to any of claims 1 to 5, wherein the first abrasive composite layer comprises a 
plurality of first abrasive particles dispersed in the first cured binder resulting from the first precursor polymer 
subunits and the second abrasive composite layer comprises a plurality of second abrasive particles dispersed in 
the second cured binder resulting from the second precursor polymer subunits, having the size of the first abrasive 

^ partk;les and the size of the second abrasive particles the same. 

7. The abrasive article according to claim 3, wherein the precise shape of the first abrasive composite structure of 
the first abrasive composite layer is the same as the precise shape of the second abrasive composite structure of 
the second abrasive composite layer. 

55 

8. The abrasive article according to any of claims 1 to 7, comprising a third abrasive composite layer generally co- 
extensive with and interposed between the first abrasive composite layer and the second abrasive composite layer, 
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wherein the third abrasive composite layer Is obtainable by curing a third curable abrasive composite layer com- 
prising third precursor polymer subunits. 

9. A method of making an abrasive article according to claim 1 , comprising the steps of: 

5 

(a) applying a first curable abrasive composite layer including first precursor polymer subunits to a backing; 

(b) curing the first curable abrasive composite layer to fonn a first cured abrasive composite layer; 

(c) applying a second curable abrasive composite layer including second precursor polymer subunits onto the 
first cured abrasive composite layer; and 

10 (d) curing the second curable abrasive composite layer to fonn a second cured abrasive composite layer so 

that the first cured layer is coextensive and interposed between the backing and the second abrasive composite 
layer, 

wherein a production tool comprising a plurality of cavities contacts both the first and the second abrasive 
fs composite layer prior to curing. 



PatentansprQche 

20 1 . Schleifgegenstand mit einer dicken Schleifbeschichtung, wobei der Gegenstand umfa3t: 

(a) eine erste gehSrtete Schleifverbundschicht, erhalten durch hHarten einer ersten hdrtbaren Schlelfverbund- 
schicht, umfassend Untereinheiten einer ersten Polymervorstufe; 

(b) einen Trager; und 

25 (c) eine zweite gehartete Schleifverbundschicht, erhalten durch Harten einer zweiten hartbaren Schleifver- 

bundschicht, umfassend Untereinheiten einer zweiten Polymervorstufe, wobei die zweite Schleifverbund- 
schicht sich gleich ausdehnt mit und zwischen der ersten Schleifverbundschicht und dem Trager llegt, wobei 
sowohl die erste als auch die zweite Schleifverbundschicht eine Anordnung von geformten Schleifverbund- 
strukturen bildet. 

30 

2. Schleifgegenstand nach Anspruch 1 , wobei die gefonnten Schleifverbundstrukturen mindestens einer der Schleif- 
verbundschichten genau gefomnt sind. 

3. Schleifgegenstand nach Anspruch 1 Oder 2, wobei die geformten Schleifverbundstrukturen der ersten und zweiten 
35 Schleifverbundschicht genau gefomnt sind. 

4. Schleifgegenstand nach einem der Anspriiche 1 bis 3, wobei die Untereinheiten der ersten Polymervorstufe strah- 
lungsgehdrtet sind und aus Acrylatmonomeren, acrylierten Epoxiden, acryllerten Urethanen, acrylierten Poly- 
estern, acrylierten (socyanaten und Kombinationen davon ausgewShlt sind. 

40 

5. Schleifgegenstand nach einem der Anspriiche 1 bis 4, wobei die Untereinheiten der zweiten Polymervorstufe 
strahlungsgehartetsind und aus Acrylatmonomeren, acrylierten Epoxiden, acrylierten Urethanen, acrylierten Po- 
lyestern, acrylierten Isocyanaten und Kombinationen davon ausgewahit sind. 

45 6. Schleifgegenstand nach einem der Anspruche 1 bis 5, wobei die erste Schleifverbundschicht eine Mehrzahl von 
ersten Schleifmittelteilchen, dispergiert in dem ersten geharteten Bindemittel, entstehend aus den Untereinheiten 
der ersten Polymervorstufe, umfaBt und die zweite Schleifverbundschicht eine Mehrzahl von zweiten Schleifmit- 
telteilchen, dispergiert in dem zweiten geharteten Bindemittel, entstehend aus den Untereinheiten der zweiten 
Polymervorstufe, umfaBt, wobei die GroBe der ersten Schleifmittelteilchen und die GroBe der zweiten Schleifmit- 

50 telteilchen die glelche 1st. 

7. Schleifgegenstand nach Anspruch 3, wobei die genaue Fonn der ersten Schleifverbundstruktur der ersten Schleif- 
verbundschicht die glelche ist wie die genaue Fonn der zweiten Schleifverbundstruktur der zweiten Schleifver- 
bundschicht. 

55 ^. 

8. Schleifgegenstand nach einem der Anspruche 1 bis 7, umfassend eine dritte gehartete Schleifverbundschicht, die 
sich im allgemeinen gleich ausdehnt mit und zwischen der ersten geharteten Schleifverbundschicht und der zwei- 
ten geharteten Schleifverbundschicht tiegt, 
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wobei die dritte gehartete Schleifverbundschicht durch Harten einer dritten hartbaren Schleifverbundschicht, um- 
fassend Untereinheiten einer dritten Polymervorstufe, erhalten wird. 

9. Verfahren zur Herstellung eines Schleifgegenstands nach Anspruch 1 , umfassend die Schritte: 

5 

(a) Aufbringen einer ersten hartbaren Schleifverbundschicht, einschlieBend Untereinheiten einer ersten Po- 
lymervorstufe, auf einen Trager; 

(b) Harten der ersten hartbaren Schleifverbundschicht, um eine erste gehartete Schleifverbundschicht zu bil- 
den; 

'0 (c) Aufbringen einer zweiten hartbaren Schleifverbundschicht, einschlieBend Untereinheiten einer zwelten 

Polymervorstufe, auf die erste gehartete Schleifverbundschicht; und 

(d) Harten der zweiten hartbaren Schleifverbundschicht, um eine zweite gehartete Schleifverbundschicht zu 
bilden, so daB die erste gehartete Schicht sich gleich ausdehnt mit und zwischen dem Trager und der zweiten 
Schleifverbundschicht liegt, 

15 

wobei ein Fertigungswerkzeug, umfassend eine Mehrzahl von Hohlungen, sowohl mit der ersten als auch 
mit der zweiten Schleifverbundschicht vor dem Harten in Kontakt ist. 



20 Revendications 



1 . Article abrasif porteur d'un revStement abrasif ^pais, Tarticle abrasif comprenant : 

(a) une premiere couche composite abrasive pouvant §tre obtenue par durcissement d'une premiere couche 
25 composite abrasive durclssable comprenant des premieres sous-unit6s polymeres precurseurs ; 

(b) une couche dorsale ; 

(c) une seconde couche composite abrasive pouvant &tre obtenue par durcissement d'une seconde couche 
composite abrasive durclssable comprenant des secondes sous-unites polymeres precurseurs, la seconde 
couche composite abrasive 6tant coextensive k, et interposee entre, la premiere couche composite abrasive 

30 et la couche dorsale, dans lequel tant la premiere que la seconde couches composites abrasives torment un 

rdseau de structures composites abrasives mises en fomrie. 

2. Article abrasif selon la revendication 1 , dans lequel les structures composites abrasives mises en fonne d'au moins 
l*une des couches composites abrasives sont mises en des formes praises. 

35 

3. Article abrasif selon la revendication 1 ou 2, dans lequel les staictures composites abrasives mises en fomne des 
premiere et seconde couches composites abrasives sont mises en des formes precises. 

4. Article abrasif selon I'une queiconque des revendications 1 k 3, dans lequel les premieres sous-unltds polym&res 
^0 precurseurs sont durcissables par rayonnement et sontchoisies dans le groupe constituS des monomdres d'acryla- 

te, des 6poxy acryl6s, des ur^thanes acryl^s, des polyesters acryl6s, des isocyanates acrylSs, et de leurs combi- 
naisons. 



5. Article abrasif selon I'une queiconque des revendications 1 k 4, dans lequel les secondes sous-unit6s polymeres 
precurseurs sont durcissables par rayonnement et sont choisies dans le groupe constitu6 des monomeres d'acryla- 
tes, des epoxy acryles, des urethanes acryles, des polyesters acryles, des isocyanates acryles et de leurs com- 
binaisons. 



6. Article abrasif selon I'une queiconque des revendications 1 k 5, dans lequel la premiere couche composite abrasive 
^ comprend une pluralit6 de premieres partlcules abrasives dispers^es dans le premier liant dure! resultant des 

premieres sous-unit6s polymeres pr^urseurs et la seconde couche composite abrasive comprend une plurality 
de secondes partlcules abrasives dispers6es dans le second liant durci resultant des secondes sous-unites poly- 
meres pr^urseurs, ayant la taille des premieres partlcules abrasives et ayant, de mSme, la taille des secondes 
partlcules abrasives. 

55 

7. Article abrasif selon la revendication 3, dans lequel la forme precise de la premiere structure composite abrasive 
de la premiere couche composite abrasive est la mdme que la fornie precise de la seconde stmcture composite 
abrasive de la seconde couche composite abrasive. 
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8. Article abrasif selon I'une quelconque des revendications 1 k 7, comprenant une troisieme couche composite 
abrasive generalement coextensive a, et interposee entre, la premiere couche composite abrasive et la seconde 
couche composite abrasive, dans lequel la troisieme couche composite abrasive peut etre obtenue par durcisse- 
ment d'une troisieme couche composite abrasive durcissable comprenant des troisi^mes sous-unites polym^res 

s prdcurseurs. 

9. Precede de fabrication d'un article abrasif selon la revendicatlon 1 comprenant les etapes: 

(a) d'application d'une premiere couche composite abrasive durcissable Incluant des premieres sous-unites 
10 polymeres pn§curseurs sur une couche dorsale ; 

(b) de durcissement de la premiere couche composite abrasive durcissable pour former une premidre couche 
composite abrasive durcie ; 

(c) d'application d'une seconde couche composite abrasive durcissable incluant des secondes sous-unites 
polymeres precurseurs sur la premiere couche composite abrasive durcie ; et 

IS (d) de durcissement de la deuxieme couche composite abrasive durcissable pour fonner u ne seconde couche 

composite abrasive durcie, de sorte que la premiere couche durcie soit coextensive k, et interposee entre, la 
couche dorsale et la seconde couche composite abrasive ; 

dans lequel un outil de production comprenant une pluralite de cavites vient en contact tant avec la premiere, 
20 qu'avec la seconde couche composite abrasive avant durcissement. 



25 
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